Soybean, a monocarpic plant, has been found to undergo rapid senescence as its fruits mature. In soybeans (Glycine max [L.J Merrill) The phenomenon of monocarpy (a single fruiting phase followed by death) has been recognized for some time, and various theories have been offered to explain the mechanism by which flowering/fruiting induces the death of the entire plant (8, 9). In Anoka soybeans, senescence begins when most of the fruits on the plant are undergoing rapid pod-fill (5), and we and others (4) have found that the fruits cause the rest of the soybean plant to begin senescence which leads to death. In this paper, we will use the term "senescence signal" to refer to this, as yet, uncharacterized correlative influence of the fruits on foliar senescence without attempting to limit the notion of a signal to any one of the possible mechanisms for monocarpic senescence. Information on the behavior of this killing signal, such as degree of movement within the plant, will be important in analyzing the mechanism by which the fruits induce death. The results discussed here have been presented at meetings (10, 11 In other surgical experiments, the seeds were excised by slitting the fruit pods with a razor blade next to each seed and parallel to the main longitudinal vein of the pod but without touching the seed (see Fig. 1) . The seeds were then forced out through the slits and lanolin was applied to the cuts. In shamoperated plants, the pods were treated in the same way except the seeds were not forced out.
The phenomenon of monocarpy (a single fruiting phase followed by death) has been recognized for some time, and various theories have been offered to explain the mechanism by which flowering/fruiting induces the death of the entire plant (8, 9) . In Anoka soybeans, senescence begins when most of the fruits on the plant are undergoing rapid pod-fill (5), and we and others (4) have found that the fruits cause the rest of the soybean plant to begin senescence which leads to death. In this paper, we will use the term "senescence signal" to refer to this, as yet, uncharacterized correlative influence of the fruits on foliar senescence without attempting to limit the notion of a signal to any one of the possible mechanisms for monocarpic senescence. Information on the behavior of this killing signal, such as degree of movement within the plant, will be important in analyzing the mechanism by which the fruits induce death. The In other surgical experiments, the seeds were excised by slitting the fruit pods with a razor blade next to each seed and parallel to the main longitudinal vein of the pod but without touching the seed (see Fig. 1 The fruit maturity index, which is the average stage of fruit development, was calculated by multiplying the fraction of fruit in stage 1 by 1, the fraction in stage 2 by 2, and so on, and then adding these figures together.
RESULTS
Timing of Senescence Induction Relative to Fruit Development. As has been reported earlier (5) , leaf senescence in Anoka soybeans begins when the FMI3 is between 2 and 3 (average 2.8), and this senescence can be prevented by removing the young pods. In order to determine when during fruit growth the senescence signal is produced, fruits were removed from different groups of plants at various stages of fruit development. Removal of the fruits as they enter stage 2 completely prevents leaf senescence, and removal as they enter stage 3 gives similar results (Fig. 2) . Removal of stage 4 fruits does not slow senescence compared with podded controls, and these plants die in the same manner as podded controls. Plant Physiol. Vol. 59, 1977 BEHAVIOR OF THE SOYBEAN SENESCENCE SIGNAL Effect of Seeds and Carpels on Senescence. An attempt was made to distinguish between the actions of the seeds and the pods through surgical experiments in which slits were made in the fruit pods, and the seeds were either forced out (deseeded) or allowed to remain (shams). The sham-operated fruits show only a slight delay in their development compared with podded controls (Fig. 3) , and in parallel with this slight delay in fruit development a small retardation of leaf senescence. When senescence is graphed against FMI, the sham-operated and podded controls senesce in essentially the same pattern. The difference between sham-operated and deseeded plants is clear; seed removal prevents senescence (Fig. 3) .
Effect of Pod Dose on Senescence. In order to determine the relationship between number of fruits per plant and intensity of the senescence signal, different numbers of fruits were allowed to develop. In the experiment shown in Figure 4 , plants with 5 to 14 fruits have similar time courses of leaf senescence. The group of plants with two fruits per plant show intermediate senescence.
It is of interest that the influence of the pods saturates at less than 50% of the maximum load in terms of pod number.
To determine the mobility of the signal for leaf senescence, fruits were removed from some regions of the plant and allowed to remain on other regions according to the following patterns:
Two-branched Plants. These Y-shaped plants consist of two approximately equal branches, one branch being depodded and the other branch being podded (Fig. 5) . The podded branch (A) exhibits normal leaf senescence, while the depodded branch (B) has a very reduced leaf senescence curve (Fig. 6) . Moreover, the little senescence which occurs on these branches is mainly at the base of the branch, near the fork of the Y.
Laterafly Divided Plants. Since the leaf arrangement in soybeans is alternate (12), the leaves and pods can easily be divided Stag. 2 pod before "deseeding" laterally into two groups by counting every other leaf down the stem as being on the same side (Fig. 7) . When one side is depodded and the other left to develop normally, the depodded side does senesce, but the senescence starts later and is slower than the senescence of the podded side (Fig. 8) .
Two-thirds Depodded Plants. For these experiments, the stems were divided into thirds with an equal number of leafbearing nodes in the top, middle, and bottom thirds. All fruits were removed from two-thirds of the plant as they entered stage 2, while the other third was allowed to bear fruits normally.
All thirds of the podded controls produce very similar senescence curves, with the bottom third beginning to senesce first, followed by the middle, and then the top third (Fig. 9A) . Even though the bottom of the plant begins senescing before the top, once senescence starts, the rates for the different regions are about equal.
When fruits are allowed to develop on only one-third (any third) of the plant, this third invariably shows the greatest degree of senescence. Figure 9B shows this effect in plants with pods on the bottom third. These data agree with the observation of Hicks and Pendleton (2) , who reported that removal of fruits from one-third of a soybean plant caused that third to remain green, while the rest of the plant senesced. The influence of the podded third on neighboring depodded sectors was small or absent and varied depending on which third bore the pods. Figure 9B shows that pods in the bottom third may eventually produce some senescence in the middle third; however, this tended to be in the leaves adjacent to the podded sector. In general, any spreading of the senescence signal tends to be downward.
DISCUSSION
The ability of depodding to prevent senescence and the gradual reinstatement of senescence as an increasing number of pods is allowed to develop on each plant confirm, at least for soybeans, Molisch's theory (8) , that some phase of fruit growth initiates monocarpic senescence. This conclusion is further verified by the effect of depodding plants at different stages of fruit maturity. Very little or no leaf senescence occurs if fruits are removed from Anoka soybeans at the beginning of stage 3, but senescence occurs if fruits are removed at the beginning of stage 4, thus indicating that a specific stage of fruit maturity (stage 3) is important in the production of this signal. Leopold et al. (4) obtained similar results in depodding experiments with the Lin- coln variety of soybean except that they observed a less sharp loss of the depodding effect on senescence (measured as the time required for the plants to die). A major change in the effect of depodding occurred between plants defruited when the fruits (pods) were elongated but not entirely filled out (analogous to fruit maturity stage 2) and defruited after the fruits were filled out and starting to yellow (analogous to late stage 3 or early stage 4). This agrees with our finding that the signal is produced in stage 3.
Since stage 3 is also the period of rapid seed growth, whereas the carpel is nearly fully grown by the end of stage 2, it appears that the killing effect may be related to seed growth. For this reason, an attempt was made to separate the effects of the seed from the carpel by the surgical experiments using deseeded and sham-operated plants. Inasmuch as the deseeded plants showed no senescence, while the shams senesced normally (with only a slight lag due to a small delay in fruit maturation), it can be inferred that the failure to senesce is due to seed removal. These experiments have also been performed on other monocarpic plants; deseeding has delayed senescence in peas (6) and red kidney beans (13).
The signal produced by fruits on one region of the plant induces little or no senescence in the rest of the plant and that which occurs tends to be near the nodes which are bearing fruits. The small amount of senescence occurring at the base of the depodded branch of the Y-shaped plants appears to be due to leakage of the "signal" across the fork. Likewise, the senescence signal eventually, albeit slowly, crosses from the podded to the depodded side in the laterally divided plants.
The (9) . This idea is supported by well known dependence of the aerial parts on roots for minerals and probably also certain organic compounds such as cytokinins. Our data on the transmission of the senescence signal do not support, at least in the case of soybeans, the theory that the developing fruits act on the roots which in turn causes leaf senescence. If this theory held true for soybeans, then the fruits allowed to develop on one-third of a single axis plant or one branch of a Y plant should result in senescence of the depodded portions of the plant as well as the pod-bearing regions. Another theory involving the roots in monocarpic senescence suggests that substances from the roots which are necessary for leaf maintenance are diverted to the fruits during fruit growth thereby causing leaf senescence. If this occurred in soybeans, then leaves above the podded bottom section of the two-thirds depodded plants would be expected to senesce, but this was not observed. The nature of the senescence signal will be further discussed in relation to additional data in subsequent papers. 
